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Extending	  the	  SSD	  Concept	  to	  Explore	  
Some	  Founda/onal	  Model	  Limita/ons:	  	  
A	  Bayesian	  Hierarchical	  Approach	  	  
Species	  Sensi/vity	  Distribu/ons	  (SSDs)	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All	  Models	  Are	  Wrong…	  
(the	  SSD	  is	  no	  excep/on!)…	  but	  some	  are	  beaer	  
than	  others.	  
ASSUMPTION	   PRACTICAL	  CONSEQUENCE	  
SSDs	  are	  independent	   Informa/on	  gained	  about	  each	  chemical	  risk	  
assessment	  will	  not	  strengthen	  learning	  of	  
future	  assessments.	  
Interspecies	  varia/on	  is	  aaributable	  to	  chemical	  
eﬀects	  only	  
Observa/on	  of	  some	  species	  being	  more/less	  
sensi/ve	  not	  accounted	  for.	  
Other	  sources	  of	  varia/on	  (e.g.	  inter-­‐laboratory	  
and	  intra-­‐species	  varia/on)	  are	  ignorable	  or	  
captured	  by	  an	  arbitrary	  assessment	  factor	  (1	  ≤	  
AF	  ≤	  5)	  
Confounding	  of	  the	  HC5	  interpreta/on	  –	  should	  
it	  just	  represent	  interspecies	  varia/on?	  
Representa/ve	  of	  all	  ecosystems	   No	  account	  of	  speciﬁc	  assemblages	  and	  diﬀering	  
diversi/es.	  
Hierarchical	  Modelling	  
=
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The	  standard	  SSD	  model	  can	  be	  wriaen	  as	  a	  stochas/c	  network	  
+	  distribu/on	  
Chemical	  1	  
Hierarchical	  Modelling	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If	  we	  have	  N	  chemical	  risk	  assessments,	  the	  usual	  SSD	  model	  is	  
a	  special	  (independence)	  case	  of	  a	  hierarchical	  model.	  
chemical	  1	   chemical	  2	   chemical	  3	   chemical	  N	  …………..	  
………..	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βsp.	  j	  
Model	  Assump8on:	  Each	  toxicity	  value	  can	  be	  decomposed	  into	  a	  linear	  sum	  
of	  a	  chemical	  eﬀect,	  a	  chemical:species	  interac/on	  eﬀect	  and	  an	  error	  term	  
yij = αi + βjσi + εij
εij ∼ N(0,σ2i )
Normality	  is	  generally	  accepted	  
by	  SSD	  prac//oners;	  although	  
can	  be	  subs/tuted	  with	  
something	  more	  suitable.	  	  
SSD	  interspecies	  variance	  parameters	  are	  
heterogeneous	  between	  chemicals	  i.	  
Therefore	  βj	  measures	  species	  posi/on	  as	  
number	  of	  standard	  devia/ons	  from	  mean	  
(log-­‐)toxicity.	  
	  
βj	  	  <	  0	  ?	  species	  j	  typically	  sensi/ve	  
βj	  	  >	  0	  ?	  species	  j	  typically	  tolerant	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Hyper-­‐popula/on	  of	  species	  
eﬀects:	  βj	  ~	  N(0,	  σβ2)	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μ,	  σα	   a,	  b	  
Hyper-­‐popula/on	  of	  
chemical	  eﬀects:	  	  
αi	  ~	  N(μ,	  σα2)	  
Hyper-­‐popula/on	  of	  
interspecies	  variances:	  	  
σi-­‐2	  ~	  Γ(a,	  b)	  
Bayesian	  Analysis	  
•  Need	  to	  ensure	  propaga/on	  of	  >	  1st	  level	  
uncertainty.	  
•  Update	  prior	  distribu/ons	  about	  the	  hyper-­‐
parameters	  using	  observed	  data	  to	  retrieve	  
posterior	  distribu/ons.	  
•  Use	  posterior	  distribu/ons	  to	  make	  hazard	  
assessment	  inferences	  for	  retrospecGve	  and	  
prospecGve	  chemical	  assessments.	  
Example	  
•  Ecotoxicity	  database	  extracted	  from	  the	  U.S.	  
EPA	  Web-­‐ICE	  database.	  1600	  E(L)C50	  values	  
(lethality	  or	  immobility)	  spanning	  201	  
chemicals	  (each	  with	  ni	  ≥	  5)	  and	  77	  species.	  
	  
hap://www.epa.gov/ceampubl/fchain/webice/	  
•  Prior	  distribu/ons	  chosen	  to	  closely	  represent	  
‘ignorance’	  (so-­‐called	  ‘non-­‐informaGve’).	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?	  more	  varia/on	  between	  chemicals	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Es/mates	  consistent	  with	  European	  
Food	  Safety	  Authority	  (2005,	  EFSA	  J.	  
301,	  pp.	  1-­‐45)	  report.	  
	  
Equivalent	  to	  ≈	  3	  addi/onal	  
measurements	  	  →	  stabilizes	  
interspecies	  variance	  es/mate.	  
species	  :	  σβ	   chemical	  :	  σβ	  
a	   b	  
Po
ste
rio
r d
ist
rib
ut
ion
 su
m
m
ar
ies
 o
f !
j
! j
−2
−1
0
1
2
Pa
ra
ta
ny
ta
rs
us
 d
iss
im
ilis
As
ell
us
 a
qu
at
icu
s
Or
eo
ch
ro
m
is 
m
os
sa
m
bic
us
Cy
pr
is 
su
bg
lob
os
a
At
he
rix
 va
rie
ga
ta
As
te
ria
s f
or
be
si
Po
ec
ilia
 re
tic
ula
ta
Or
yz
ias
 la
tip
es
Am
eiu
ru
s m
ela
s
Pl
an
or
be
lla
 tr
ivo
lvi
s
Ca
ra
ss
ius
 a
ur
at
us
Ne
an
th
es
 vi
re
ns
Pa
ra
ta
ny
ta
rs
us
 p
ar
th
en
og
en
et
icu
s
Lu
m
br
icu
lus
 va
rie
ga
tu
s
Ict
alu
ru
s p
un
cta
tu
s
Pt
yc
ho
ch
eil
us
 lu
ciu
s
Cy
pr
inu
s c
ar
pio
Cr
an
go
ny
x p
se
ud
og
ra
cil
is
Pi
m
ep
ha
les
 p
ro
m
ela
s
Ca
to
sto
m
us
 co
m
m
er
so
nii
Du
ge
sia
 tig
rin
a
Al
lor
ch
es
te
s c
om
pr
es
sa
Cy
pr
ino
do
n 
va
rie
ga
tu
s
Ga
ste
ro
ste
us
 a
cu
lea
tu
s
Ra
na
 sp
he
no
ce
ph
ala
Le
po
m
is 
cy
an
ell
us
Ca
ec
ido
te
a 
int
er
m
ed
ia
Cy
pr
ino
do
n 
bo
vin
us
Po
ec
ilio
ps
is 
oc
cid
en
ta
lis
Le
po
m
is 
m
ac
ro
ch
iru
s
Le
po
m
is 
m
icr
olo
ph
us
Ch
iro
no
m
us
 te
nt
an
s
Ga
m
bu
sia
 a
ffin
is
Gi
la 
ele
ga
ns
On
co
rh
yn
ch
us
 cl
ar
kii
Sa
lve
lin
us
 fo
nt
ina
lis
On
co
rh
yn
ch
us
 ki
su
tch
Xy
ra
uc
he
n 
tex
an
us
Bu
fo 
bo
re
as
Sa
nd
er
 vi
tre
us
No
tro
pis
 m
ek
ist
oc
ho
las
M
icr
op
te
ru
s s
alm
oid
es
Po
m
ox
is 
nig
ro
m
ac
ula
tu
s
Ca
ec
ido
te
a 
br
ev
ica
ud
a
On
co
rh
yn
ch
us
 m
yk
iss
Et
he
os
to
m
a 
lep
idu
m
Sa
lm
o 
sa
lar
Fa
rfa
nt
ep
en
ae
us
 d
uo
ra
ru
m
Et
he
os
to
m
a 
fon
tic
ola
Sa
lve
lin
us
 n
am
ay
cu
sh
Pe
rc
a 
fla
ve
sc
en
s
M
en
idi
a 
be
ry
llin
a
Sa
lm
o 
tru
tta
Isc
hn
ur
a 
ve
rti
ca
lis
On
co
rh
yn
ch
us
 ts
ha
wy
tsc
ha
Er
im
on
ax
 m
on
ac
hu
s
M
en
idi
a 
m
en
idi
a
On
co
rh
yn
ch
us
 g
ila
e
Ga
m
m
ar
us
 fa
sc
iat
us
Ch
iro
no
m
us
 p
lum
os
us
Ce
rio
da
ph
nia
 d
ub
ia
Es
ox
 lu
ciu
s
Da
ph
nia
 m
ag
na
Cr
as
so
str
ea
 vi
rg
ini
ca
Ac
ipe
ns
er
 b
re
vir
os
tru
m
Hy
ale
lla
 a
zte
ca
Pt
er
on
ar
cy
s c
ali
for
nic
a
Ga
m
m
ar
us
 p
se
ud
oli
m
na
eu
s
Sa
lve
lin
us
 co
nf
lue
nt
us
La
go
do
n 
rh
om
bo
ide
s
Da
ph
nia
 p
ule
x
Pt
er
on
ar
ce
lla
 b
ad
ia
Or
co
ne
cte
s n
ais
Ga
m
m
ar
us
 la
cu
str
is
Am
er
ica
m
ys
is 
ba
hia
Si
m
oc
ep
ha
lus
 se
rru
lat
us
Cl
aa
ss
en
ia 
sa
bu
los
a
!
!
!
!!
!
!!!!!!
!!!!!!!!!!
!!!!
!!
!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!
!!
!
!!
!!
!!
!!!
!
!
!
!
!
2	  
1	  
0	  
-­‐1	  
-­‐2	  
Evidence	  that	  some	  species	  are	  more	  sensi/ve	  than	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Posterior	  summaries	  of	  βj	  
The	  Role	  of	  Taxonomy	  
genus family order class phylum kingdom
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The	  more	  taxonomically	  
spread	  species	  are	  in	  an	  
SSD,	  the	  larger	  the	  
interspecies	  variance	  will	  
be.	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Model
[Default]
[H: Q = !]
[H: Q = {!}]
n	  =	  5	   n	  =	  24	  
log10(HC5)	   log10(HC5)	  
Stat s	  quo	  
Extrapolate	  
Interpolate	  
Model	  Assump/on	  
Status	  quo	  =	  REACH	  Technical	  Guidance	  Document	  with	  log-­‐normal	  SSD	  
Extrapolate	  =	  ecosystem	  is	  an	  inﬁnitely	  large	  collec/on	  of	  species	  
Interpolate	  =	  ecosystem	  comprised	  of	  77	  species	  listed	  in	  database	  
hierarchical	  
models	  
Aldenberg	  &	  
Jaworska	  (2000);	  
EES	  
Conclusions	  
•  The	  SSD	  concept	  is	  not	  defunct!	  	  
•  Hierarchical	  modelling	  and	  Bayesian	  sta/s/cs	  
open	  up	  the	  op/on	  for	  ‘beaer’	  modelling	  with	  
transparent	  uncertainty	  propaga/on.	  
•  Useable	  for	  mul/ple-­‐hypothesis	  tes/ng	  and	  
risk	  management.	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Common	  theme:	  use	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improve	  future	  risk	  assessments	  
